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directly or deduced indirectly from their vapour pressures, 
and the relation connecting the osmotic and vapour 
pressures is quite independent of the “ gas laws holding 
for solutions.” 

Leaving out of consideration the experiments made 
before the solutions were stirred—for on Prof. Kahlen- 
berg’s own showing these are not good—his conclusion that 
the gas laws do not hold for dilute solutions in pyridine 
is based on four experiments. If one may take No. 59 
(p. 201) as a type of these, it is easy to show that the 
experiment is valueless. 

The sugar solution used is 0-125 grm. mol. per litre, 
and a pressure of 98 cm. of mercury is reached, but the 
theoretical value is some 3 atmos. Now on p. 184 the 
diameter of his gauge is given as 0-5 mm., and he says 
that at the end of three days 0-115 grm. sugar has come 
through the membrane—this quantity represents 2-8 c.c. 
of solution. If we assume that this volume of solution 
came through the membrane at a uniform rate, a simple 
calculation will show that the rate is equivalent to a fall 
of 20 cm. per hour in the gauge. No wonder the 
theoretical pressure was never reached ! 

Berkeley. 

Foxcombe, near Oxford. E. G. J. Hartley. 


Diurnal Variation of the Ionisation in Closed Vessels. 

In his letter on this subject published in Nature of 
May 3 (p. 8) Mr. G. C. Simpson is, I venture to think, 
under a misapprehension regarding the conditions which 
determine the variations of the earth’s electric field. His 
statement of the problem, which I have slightly abbreviated, 
is as follows:—“It is usual to accept that there is a 
negative charge on the earth’s surface, and the correspond¬ 
ing positive charge is a volume charge distributed in the 
atmosphere. There is very little volume charge in the air 
close to the earth’s surface, so the relation between potential 
gradient and charge on the earth’s surface is given by 
dv/dh= ~47TfT. Hence it follows that with a given charge 
on the earth’s surface and the corresponding charge in 
the atmosphere above, the vertical distribution of the 
charge and the conducting state of the upper atmosphere 
do not in the slightest affect the potential gradient within 
a few metres of the earth’s surface.” 

All this is very true, but it is equally true that with a 
constant charge on the earth’s surface nothing whatever 
will affect the potential gradient close to it. Since the 
potential gradient is a constant multiple of the surface 
density, it is absurd to consider the variation of the one 
whilst the other is kept constanl. The only assumption 
that it seems safe to make about the state of the earth’s 
surface is that, owing to the relatively high conductivity 
of the earth’s crust, for purposes of atmospheric electricity 
it may be treated as an equipotential surface. The charge 
in any particular region will be determined by the dis¬ 
tribution of electrification and ionisation in the atmosphere, 
and will readjust itself almost instantaneously when any 
change takes place in the external conditions. It will not, 
as an incautious reader might gather from Mr. Simpson’s 
letter, behave as if it were glued to the surface of the 
earth. 

In my letter of April 22 I illustrated my point by con¬ 
sidering the analogy with the case of ionised air between 
two parallel plates maintained at a constant difference of 
potential. As this comparison is inaccurate, I shall take 
the liberty of putting the case in another way, in the hope 
that it may prove more convincing. The earth is to be 
regarded as a conducting sphere which is continuously 
receiving a negative charge in certain areas—probably 
those in which rain is falling—and losing it again by con¬ 
duction through the atmosphere from all the rest of its 
surface. Since the observations on the earth’s field only 
refer to fine-weather regions, we need only consider what 
happens over them. There will be an earth-air current 
which, under specified conditions, will have attained a 
steady value, the charge on the earth’s surface being 
that required to give the necessary potential gradient to 
drive the current. Suppose that by some means the 
ionisation at some distance from the surface suffers a 
permanent increase locally, whilst the air close to the 
surface is unaffected. It is clear that, whatever view is 
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taken of the distribution of the charges producing the 
earth’s field, the increase in the ionisation will produce 
a local increase in the earth-air current; but by hypothesis 
the conductivity of the air close to the earth is unaltered, 
so that the increase in the current must be accompanied 
by an increase in the potential gradient close to the surface. 
This is, of course, produced by negative electricity flowing 
from other parts of the earth. 

The above, I imagine, is an exaggerated but otherwise 
trustworthy picture of the effect an ionising radiation from 
outside would have on the earth’s electric field. The con¬ 
ductivity produced by the rays in the upper atmosphere 
must be enormous compared with the effects close to the 
earth. Even if the rays were homogeneous, only a mere 
trace would remain after passing through a layer of air 
roughly equivalent in absorbing power to 76 cm. of mercury. 
But it is far from probable that they are homogeneous, and 
any want of homogeneity would exaggerate the effect. 
Other factors conspire to this end : the presence of dust 
near the earth loading the ions and the smaller rate of re¬ 
combination at low pressures; whilst the increase in the 
mobility of the ions at low pressures would just compensate 
for the feebler absorbing power of the upper atmosphere. 

It will be observed that the effect on the earth’s field 
of an increase in the ionisation of the atmosphere depends 
entirely on where that increase takes place. If the con¬ 
ductivity increases in a greater ratio close to the earth’s 
surface than it does further away, the result ought to be 
a fall in the potential gradient. Mr. Simpson rightly points 
out that such a relation between the potential gradient 
and the leakage of electricity near the earth’s surface has 
been shown to exist. From my point of view this indicates 
that the bulk of the ionisation near the earth’s surface is 
not caused by radiation from an external source. 

O; W. Richardson. 

Trinity College, Cambridge, May 12. 


Defects in Ostrich Feathers in South Africa 

The domestication of the ostrich on a practical basis 
was undertaken in Cape' Colony about 1867, and since 
then ostrich farming has become one of the most important 
industries in the eastern province. The census of 1904 
gave 357>97° 1 tame ostriches in the colony, while the ex¬ 
port' of feathers reached 470,381 pounds, practically the 
whole of which came from tame birds; the estimated value 
of the feathers was 1,058,988!., giving about 3!. 105. per 
bird of feather-producing age. During the forty years of 
domestication the instincts of the ostrich have apparently 
undergone no change, though its habits are much altered. 
The feathers cut from the tame bird are shorter, weaker, 
and. not so fluffy as those taken from wild birds, but 
probably these differences are to be correlated with the 
greater frequency of plucking, and not with any consti¬ 
tutional change resulting from domestication. 

Within recent years much concern has arisen from the 
prevalence of a defect in the growth of the feather, which 
seriously reduces the value of the plumes to the farmer. 
The imperfection, technically known as “barring,” takes 
the form of a series of narrow, chevron-shaped bars or 
malformations across the whole feather. The general 
appearance of a moderately affected plume is shown in the 
accompanying photograph (Fig. 1). Examined closely, it 
is seen that the regularity of the individual barb is much 
disturbed at the bars, and that the barbules are there 
defective and only partly differentiated from the barbs. 
The appearance is such as to suggest that the barbs have 
been constricted at these particular regions, and that in the 
development of the feather the barbules have failed to 
become differentiated and open out, though with a needle 
their separation can sometimes be effected. Occasionally 
several barbs will remain joined together at the bars, they 
also having failed to differentiate. In many cases some 
of the barbs are shortened, the missing part having broken 

1 The statistics are taken from a paper,by the Hon. Arthur Douglass 
read before the recent meetings of the British Association at Cape Town. 
Mr. Douglass is the author of a well-known work, “Ostrich Farming in 
South Africa,” and was one of the pioneers in the domestication of the 
ostrich, and probably the first to hatch the chicks Jby artificial incubation. 
His death, shortly after the meetings of the Association, is a great loss to 
the agricultural and political life of Cape Colony. 


© 1906 Nature Publishing Group 






56 


NA TURE 


[May 17, 1906 


off at one or other of the bars, showing these to be places 
of weakness. 

The extent of the barring varies much on different birds 
and according to locality and season. Sometimes all the 
wing, tail, and covert feathers are affected, while in others 
only a few plumes exhibit the imperfection. Again, the 
number of bars on different feathers varies greatly; 
frequently they occur at fairly regular intervals along the 
entire length of the feather, or only a few are present and 
the rest of the feather is perfect. Where the barring is 
close, a single barb will be irregular at five or six places 
along its length. The deficiency can be overcome to a 
large degree by juxtaposition in the process of “ dressing ” 
before the feathers are retailed, but buyers estimate that, 
as a result of the presence of the bars, the value of the 
feather to the farmer is frequently diminished from 20 per 
cent, to 50 per cent., probably an average of about 25 per 
cent. As the trouble is very general over all the ostrich¬ 
farming districts in South Africa, it is manifest that the 
subject is one which calls for thorough scientific investi¬ 
gation. 

The development of the ostrich feather has not yet been 



Fig. i.—O strich feathers showing barring. 


worked out, but from our knowledge of that of feathers 
generally there can be no question that the barring re¬ 
presents some interference with the normal growth of the 
plume at an early stage, an interference which prevents 
the proper differentiation later of the feather into rachis, 
barbs, and barbules; moreover, these must recur from time 
to time during the growth of the feather. As to the cause, 
the evidence mainly points to impaired nutrition of the 
feather germ during its early stages. Farmers universally 
acknowledge that an insufficiency of food during the time 
the feathers are forming, as from a drought, will result 
in a plucking full of barrings, breakages, and other mal¬ 
formations. In a general way it is recognised that the 
better fed the bird the less likely are its feathers to show 
any defects. Furthermore, from correspondence with Dr. 
R. M. Strong, of the University of Chicago, who has been 
en g a g e d upon a study of the development of feathers for 
years, I learn that experiments have been conducted by 
Prof. C. O. Whitman and himself upon malformations in 
other birds exactly similar to those of the ostrich. Ring- 
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doves, after hatching, weie alternately starved and fed for 
some days at a time when the feather was in process of 
formation, with very remarkable results. On the feathers 
developing, similar bars were produced in very striking 
fashion and in great profusion. The results of the experi¬ 
ments were such as to leave no doubt that the barring in 
this case was due to malnutrition or some disturbance in 
the metabolism of the bird. 

The ostrich farmer, however, is convinced that in¬ 
sufficiency of food is not the only factor involved. Fre¬ 
quently bars appear on the feathers of birds which appar¬ 
ently have been well fed all the time. A general opinion 
prevails that the ostrich fly, Hippobosca struthionis, is 
often responsible for the trouble, and also the ostrich mite, 
Pterolichus bicaudatus, both of which sometimes infest the 
birds in large numbers. It is difficult to see how these 
external parasites can act directly upon the feather germ, 
but it is undoubted that the progressive farmer who dips 
or sprays his birds against the pests produces a plumage 
much less subject to imperfections, and consequently of 
higher value. Whether the fly or mite can affect the 
feather directly or only indirectly by lowering the general 
condition of health of the bird is a subject for investigation, 
as is also the influence of the tape-worms and thread-worms 
(Strongylus douglassi) which frequently infest the animals. 
The influence of in-breeding and heredity will also have 
to be considered. It is significant to find that a similar 
barring occurs on the ostrich farms in Pasadena, Cali¬ 
fornia, among birds which have been ill fed, and the trouble 
is general on the ostrich farms in Florida, where con¬ 
ditions are not so favourable for birds. A much rarer 
defect is where the parts of a feather have failed to differ¬ 
entiate along one or more vertical lines extending the whole 
length of the vane. This irregularity is in all probability 
the result of some permanent injury to the feather germ 
or its socket, and occurs independently of the nutritive 
condition of the bird. 

The production of these irregularities in the growth of 
feathers as epidermal derivatives is of much zoological 
interest in connection with pathological conditions of 
epidermal structures generally. As is well known, the 
enamel of the teeth of children is frequently grooved or 
pitted in transverse rows, a condition which can usually 
be traced to some error in feeding, congenital disease, or 
ailments affecting the general nutrition of the body during 
the time the teeth were forming; the finger nails are often 
transversely grooved after an illness or injury, pointing to 
a response to malnutrition; hair frequently breaks, falls 
off, or changes in character after an illness from the same 
cause ; the horns of cattle and antelopes occasionally show 
one or more narrow constrictions representing a diminu¬ 
tion in the amount of horny material. AH these defects 
can be correlated with some low condition of health of the 
animal at the time, and serve to establish that theimper- 
fections in the feathers of ostriches are not an isolated 
phenomenon, but, muiatis mutandis , can be compared with 
imperfections in the epidermal products of other vertebrates. 

While it may be rash to predict before the experiments 
in hand are completed, yet from the facts already known 
there seems good reason for expecting that' the trouble will 
be found to rest very largely with the farmer, and that 
the remedy will be mainly a question of a proper and 
regular supply of food—not an easy matter in time of 
droughts. Without question there exists an extremely 
sensitive relationship between the production of a perfect 
feather and the proper nutrition of the bird; artificial 
selection in breeding may also assist towards the production 
of a strain in which the feathers are less influenced by 
constitutional changes in the bird. J. E. Duerden. 

Rhodes University College, Grahamstown, 

Cape Colony. 


Origin of the Term “Metabatic.” 

My attention has been directed to the word metabatic as 
relating to the transfer of energy. I should be much obliged 
if anyone could give me information as to the author of 
the term, the date of its introduction, or any scientific 
paper in which it occurs in such form as to betoken its 
exact meaning. Robert E. Baynes. 

Christ Church, Oxford. 
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